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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Increased use of biomass resources for manufacturing plastic products is effective in reducing global
warming and the depletion of fossil resources.

Current plastic products are composed of biobased synthetic polymers, fossil-based synthetic polymers,
natural polymers, and additives that can include biobased materials.

Biobased plastics refer to plastics that contain materials, wholly or partly of biogenic origin.
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Plastics — Biobased content —

Part 2:
Determination of biobased carbon content

WARNING — The use of this part of ISO 16620 might involve hazardous materials, operations,
and equipment. This part of ISO 16620 does not purport to address all of the safety cpncerns, if
anyj, associated with its use. It is the responsibility of the user of this International.S§andard to
establish appropriate safety and health practices and determine the applicability’of regulatory
limftations prior to use.

1 [Scope

Thip partofISO 16620 specifiesa calculation method for the determination.efthe biobased car‘}ﬁ-on content
in monomers, polymers, and plastic materials and products, based en‘the 14C content measujrement.

Thip part of ISO 16620 is applicable to plastic products and plastic materials, polymer resins, monomers,
or ddditives, which are made from biobased or fossil-based censtituents.

Knqwing the biobased content of plastic products is usefulwhen evaluating their environmerjtal impact.

2 |Normative references

The following documents, in whole or in part,-are normatively referenced in this documgnt and are
ind{spensable for its application. For dated references, only the edition cited applies. For undated
refgrences, the latest edition of the referénced document (including any amendments) appligs.

wn

[SO[16620-1, Plastics — Biobased content — Part 1: General principles

3 [Terms, definitions,syibols, and abbreviated terms

3.1 Terms and definitions

For|the purposes‘of this document, the terms and definitions given in ISO 16620-1 and th¢ following
apply.

3.11
percent modern carbon
pM(C
nor nratized-amd stamdardized-vatue forthreamoumntof the H4€Tsotope i a sampte, talcatated relative
to the standardized and normalized 14C isotope amount of oxalic acid standard reference material,
SRM 4990

Note 1 to entry: In 2009, the value of 100 % biobased carbon was set at 105 pMC.

[SOURCE: ISO 13833:2013, 3.5]

1) SRM 4990c is the trade name of a product supplied by the US National Institute of Standards and Technology.
This information is given for the convenience of users of this International Standard and does not constitute an
endorsement by ISO of the product named. Equivalent products can be used if they can be shown to lead to the same
results.

© IS0 2015 - All rights reserved 1
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3.1.2
radiocarbon
radioactive isotope of the element carbon, 14C, having 8 neutrons, 6 protons, and 6 electrons

Note 1 to entry: Of the total carbon on Earth, 1 x 10-10 % (mass fraction) is 14C. It decays exponentially with a
half-life of 5 730 years and, as such, it is not measurable in fossil materials derived from petroleum, coal, natural
gas, or any other source older than about 50 000 years.

[SOURCE: ISO 13833:2013, 3.7]

3.2 Symbols

For the puiposes of this document, the symbols given in ISO 16620-1 and the following apply.
14C carbon isotope with an atomic mass of 14

m mass of a sample expressed in grams

pMC(s) measured value, expressed in pMC, according to AMS method, of the sample

REF Feference value, expressed in pMC, of 100 % biobased carbon depending on the origin of
brganic carbon

% TC fotal carbon content, expressed as a percentage of the mass of the sample
5 TOC fotal organic carbon content, expressed as a percentage of the mass of the sample
Xp biobased carbon content by mass, expressed as a‘percentage of the mass of the sample
xIC biobased carbon content by total carboncontent, expressed as a percentage of the total
B carbon content
yToc piobased carbon content by total organic carbon content, expressed as a percentage of the
B

fotal organic carbon content

3.3 Abbreviated terms

AMS hccelerator mass spectroscopy

BI beta-ionizatien

Bq Bequerel(disintegrations per second)

cpm counts per minute

dpm Hstrtegrationsper-mintte

GM Geiger-Miiller

LLD lower limit of detection

LSC liquid scintillation-counter or liquid scintillation-counting

MOP 3-methoxy 1-propyl amine
pMC percentage of modern carbon

TC total carbon

2 © IS0 2015 - All rights reserved
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TOC total organic carbon

4 Principle

The 14C present in chemicals originates from recent atmospheric CO7. Due to its radioactive decay, it is
almost absent from fossil products older than 20 000 years to 30 000 years. Thus, the 14C content might
be considered as a tracer of chemicals recently synthesized from atmospheric CO, and particularly of
recently produced bio-products.

The determination of the biomass content is based on the measurement of 14C in polymers which allows
thelcalculation of the biobased carbon fraction.
Alafge experience in 14C determination and reference samples are available from datingofarchaeological
objé¢cts, on which the three methods described in this part of ISO 16620 are based:
— |Method A: Liquid scintillation-counter method (LSC);
— |Method B: Beta-ionization (BI);
— |Method C: Accelerator mass spectrometry (AMS).
NOTE The advantages and disadvantages of these test methods are given in Table 1.
Table 1 — Advantages and disadvantages of the methods
Method Technical |Additional requests |Duration needed |Relative standard |Instfumental
level fornieasurement |deviation costis
Method A (LSC) |Simple Normal laboratory 4 hto12h 2% to 10 % Low
Method B (BI) — Low background™ |8 hto 24 h 0,2%to5% Low
laboratory
Complex
— Gas purification
device
Method C (AMS) — Large installation |10 min to 30 min |0,2 % to 2 % High
Very com- )
plex —~Graphite conver-
sion device
For[the 14C LSC measurement, a low level counter should be used. The statistical scattefing of the
radjoactive decay sets\a limit, both for Method A and B. Thereby, both methods need a purified carbon
dioxide, otherwisé€, oXides of nitrogen from the combustion in the calorific bomb will result In counting
losdes by quenching and adulteration of the cocktail in case of LSC measurement.
5 |Sampling
If t t is widely

accepted by the different parties, such a procedure can be used and the details of sampling recorded.

For any sampling procedure, the samples shall be representative of the material or product and the
quantity or mass of sample shall be accurately established.

6 Determination of the 14C content

6.1 General

A general sample preparation and three test methods for the determination of the 14C content are
described in this International Standard. With this modular approach, it will be possible for normally
equipped laboratories to prepare samples for the 14C content and determine the 14C content with own

© IS0 2015 - All rights reserved 3
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equipment or to outsource the determination of the 14C content to laboratories that are specialized in
this technique.

For the collection from the sample of the 14C content, generally accepted methods for the conversion of

the carbon

present in the sample to CO; are described.

For the measurement of the 14C content, methods are selected that are already generally accepted as
methods for the determination of the age of objects.

6.2 Principle

The amourj

Complete (
subsequen
present in
according

Liquid
abund

specified in Annex B;

Beta-iq
emissi

Accele
of 14(C,

6.3 Prog
sample fg

The convel
14C conten

6.4 Measurement techniques

The 14C co
Annex C, o

t of biobased carbon in the biobased polymer is proportional to this 14C content.

ombustion (see Annex A) is carried out in a way to comply with the requirements of]
[ measurement of the 14C content and shall provide the quantitative recoveryf all can
the sample as CO; in order to yield valid results. This measurement shall(bg carried
o one of the three following methods:

hince of 14C through its emission of beta-particles (interaction with seintillation molecu

bn of beta-particles (Geiger-Miiller type detector), specified in Annex C;

Fator mass spectrometry (AMS) (Method C): direct determination of the isotope abundd
specified in Annex D.

edure for the conversion of the carbon-present in the sample to a suitable
r 14C determination

sion of the carbon present in the sample to a suitable sample for the determination of
[ shall be carried out according to.the Annex A.

htent of the sample shall be determined using one of the methods as described in Anne
" Annex D.

When coll
that no CO
performed

For the det
be used.

ected samples areSent to specialized laboratories, the samples shall be stored in a

by preparinglaboratory blank’s during the sampling stage.

ermination of the 0 % biomass content, the combustion of a coal standard (e.g. BCR 181)

For the 10

the
bon
out

scintillation-counter method (LSC) (Method A): indirect determination of the isotjope

es),

nization (BI) (Method B): indirect determination of the isotépe abundance of 14C through its

nce

the

x B,

vay

p from air candenter the absorption solution. A check on the in leak of CO, from air shalll be

can

can

D 9% biomass content, the NI.ST oxalic acid standard reference material (QRM 4990(‘)

be used. Mixing this reference material with a known amount of fossil combustion aid improves its
combustion behaviour, as oxalic acid is difficult to combust due to its low calorific value. For routine
checks, a wood standard reference material calibrated against the oxalic acid is sufficient.

7 Determination of the total carbon content and total organic carbon content

The total carbon content and organic carbon content shall be determined according to suitable methods.

Test methods as described in ISO 10694, 1SO 8245, EN 13137,1S0 17247,1S0 15350, SO 609, ASTM D5291-
02, or ASTM E1019 can be used, as applicable.
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Calculation of the biobased carbon content

General

calculation of the biobased carbon content includes the following steps:

a) the determination of the total carbon content of the sample, xT¢ determined by one of the test
methods specified in Clause 7, expressed as a percentage of the total mass or the determination of

the total organic carbon content of the sample, xT9C  determined by one of the test methods

specified in Clause 7, expressed as a percentage of the total mass;

b)

8.2

Bef
atm
sani
det
atn
sanf
In 4
atn

In A
the
Fro
cor

For
gra

NOT

Thd
asf

the calculation of the biobased carbon content by mass, xg, using the 14C content valte;q

by calculation from one of the test methods specified in Clause 6, and applying theCorrect
detailed in 8.2;

the calculation of the biobased carbon content as a fraction of the total ¢arbon conten

foc (see 8.3.3):

8.3.2) or a fraction of the total organic carbon content, xg

Correction factors

bre the above-ground hydrogen bomb testing (started areufid 1955 and terminated in
ospheric 14C level had been constant to within a few Qercent for the past millenniun
ple grown during this time has a well-defined “modern®*activity and the fossil contributi
brmined in a straightforward way. However, 14C creatéd during the weapons testing ing
ospheric 14C level to up to 200 pMC in 1962, with-adecline to 105 pMC in 2010. The 14C 4

ddition, the large emission of fossil C during the last decades contributes to the decr
ospheric 14C/12C ratio.

STM D6866-12, the 100 % biobased (C value of 105 pMC (for year 2010) is used. This va
base of calculations. Other values.dre only acceptable if they are based on experimentg

rection factor is now stable during a period of a few years.

the calculation of the bipbased carbon content, a 14C content of 100/0,95 pMC or 13,56/0,
n C is considered as a-100 % biobased carbon content for biomass that is grown in year 2

E This correction’value of 0,95 is in accordance with the value that is given in ASTM D6866

Table 2 — Typical values for biomass fractions

etermined
ion factors

[, xgc (see

1962), the
n. Hence, a
bn could be
reased the
ctivity of a

ple grown since year 1962 is elevated according-to the average 14C level over the growing interval.

base of the

ue shall be
] evidence.

m the 105 pMC value, the corréction factor of 0,95 (1/1,05) is derived. It is considered that such

D5 dpm per
010.

12,

fraction of biemass content by mass shall be calculated using the biomass carbon in the biopolymer
br other orgahic carbon materials. Table 2 lists typical values for such common materialg.

TC REE

©IS

pMC

X
%
48
52
47
48
49
51

Materiala

114
111
114
105
107
107

Wood (coniferous and deciduous)
Bark

Paper

Fresh biomass (from year 2010)
Silk
Wool

a

)

These values are given on “dry basis”.
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8.3 Calculation method

8.3.1 Calculation of the biobased carbon content by mass, xg

83.11 1

4C content determined by Method A (LSC) or Method B (BI)

Calculate the biobased carbon content by mass, xp, expressed as a percentage, using Formula (1):

M

14C L.
Xg= e x100
3,06x xm
100
where
4 Cyctiyity is the 14C activity, expressed in dpm, of the sample obtained by calculation when usin
Method A or Method B (see Annex B or Annex C);
REF is the reference value, expressed in pMC, of 100 % biobased carbon af‘the biomass frd
which the sample is constituted;
m is the mass, expressed in grams, of the sample.
8.3.1.2 14C content determined by Method C (AMS)

Calculate t

he biobased carbon content by mass, xg, expressed assa'percentage, using Formula (2):

m

pMC(s)
Tc__100 Tc PMC(s)
= = 2
XB X REF X REF ( )
100
where
xTC is the total carbon content obtained by elemental analysis, expressed as a percentage, of
the total mass, of the sample;
pMC(s)| is the measured valuef expressed in pMC, of the sample;
REF is the reference value, expressed in pMC, of 100 % biobased carbon of the biomass frqm
which the sampl@is constituted.
8.3.2 Calculation of the biobased carbon content, xgc , as a fraction of TC
Calculate the bipbased carbon content as a fraction of the total carbon content, xgc, expressed @s a
percentagd, using Formula (3):
XB
TC
XB = W x100 (3)
X
where
XB is the biobased carbon content by mass, expressed as a percentage;
xTC is the total carbon content, expressed as a percentage, of the sample.

© ISO 2015 - All rights reserved
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8.3.3 Calculation of the biobased carbon content, xgoc , as a fraction of TOC

Calculate the biobased carbon content as a fraction of the total organic carbon content, xgoc , expressed
as a percentage, using Formula (4):

x30C :%xwo )
where

XB 1S the biobased carbon content by mass, expressed as a percentage;

xToc is the total organic carbon content, expressed as a percentage, of the sample.

8.3[4 Examples

EXAMPLE1 Calculation of biobased carbon content as a fraction of TC
Pure biobased polymer material

Sample made from PLA material: xTC = 50,0 %; xg = 50 %

x ¢ =200, 100-100%
50,0

)

EXAMPLE 2  Calculation of biobased carbon content as a fraetion of TOC
Mixed biobased polymer material

Sample made from PE material containing a mixture of fossil PE and PE produced frgm biogenic
synthesis gas:

[xTOC = 86,0 %; xg = 24,0 %

x FOC - 24’8 x100=27,9%

]

9 |Testreport
The test report shall include at least the following information:
a) |areference to this part of ISO 16620, i.e. ISO 16620-2;

b) |allinformation necessary for complete identification of the biobased polymer material|or product
tested, including the origin of the biomass from which the material or product is constitpited;

c) identification of the laboratory performing the test;
d) sample preparation;
e) storage conditions;

f) test method used for the determination of the 14C content (Method A, B, or C, see Annex B, Annex C,
or Annex D);

g) test methods used for the determination of the TC content and TOC content (see Clause 7);

h) results of the test including the basis on which they are expressed and application of the isotope
correction, including a precision statement;

© IS0 2015 - All rights reserved 7
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p)

q)

method for the conversion of the carbon (see A.4);

14C activity, expressed in dpm, of the sample or 14C value, expressed in pMC;

total carbon content, x ¢ , expressed as a percentage, of the sample;

0C

total organic carbon content, xT0¢ expressed as a percentage, of the sample;

biobased carbon content by mass, xg, expressed as a percentage, of the sample;

biobased carbon content by total carbon content, xgc , expressed as a percentage, of the sample;

biobasged carbon content by total organic carbon content, xgoc

samplg;

, expressed as a percentage;of|the

any additional information, including details of any deviations from the test méthods and fany
operatjions not specified in this International Standard which could have had aminfluence on|the
resultg;

date of receipt of laboratory sample and dates of the test (beginning and end).

© ISO 2015 - All rights reserved
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Annex A
(normative)

Procedure for the conversion of the carbon present in the sample

to a suitable sample for 14C determination

A.]I General

The
the
met

A fd
use

Inc

formed CO3 is collected and prepared for the measurement.

Wh
a)
b)
A
As
COz

Inc
wel

In ¢

a)

14C content of a biobased polymer is determined on CO2 produced by the sample*comb
conversion of the sample to CO used for the determination of the 14C content; the follo
hods are allowed:

combustion in a calorimetric bomb (A.3);
combustion in a tube furnace (A.4);
combustion in a laboratory scale combustion apparatus (A.5).

urth method, based on the dissolution of the biobased polymer and a direct measurem
H only when it is technically achievable.

nse of combustion, it depends on the method to be wsed for the determination of 14C contg

en Method C is used, the following are the tlitee options:
direct collection of the formed CO3 in a'gas bag;
absorption of CO2 in a 4 mol/1 NaOfsolution;

absorption in a solid absorber,-developed for that purpose, usually NaOH or KOH fixed
carrier (e.g. Carbotrap ®,4l).

Method C requires only a’few milligrams of carbon containing matter, sample material
amounts of a few milligrams can be used.

nse of MethodB; a“direct collection of CO7 in a gas bag, lecture bottle, or NaOH solution is
, provided the-total amount of carbon present in the sample is at least 2 g.

ase of Method A, the following three options are possible after combustion:

direct adsorption of the formed CO; in a carbamate solution (a suitable CO, absorpti

ustion. For
wing three

ent, can be

nt how the

on a silica

containing

allowed as

bn solution

coiitaining an amine, e.g. 1 mol/l 3-methoxypropylamine in ethanolamine, or Carbo-Sor

b E®3);

b) adsorption ofthe COzina 2 mol/1NaOH solution and transfer of CO2 in NaOH to a carbamate solution;

)

direct conversion of CO, to benzene.

In some cases, the total carbonate content in the sampling solution has to be determined. For the direct
sampling in carbamate solutions, the carbonate content can be determined by weighing the sample
solution before and after sampling. For sampling in NaOH or KOH solutions, the carbonate content can

2)

3)

Carbotrap is an example of a suitable product available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.

Carbo-Sorb E is an example of a suitable product available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.

© ISO 2015 - All rights reserved
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be determined by standard methods using e.g. titrimetry. Guidance for such determination can be found
in e.g. 1SO 9963 and ASTM D513-11el.

A.2 Reagents and materials

A.2.1 Carbamate solution.

A.2.2 Scintillation medium.

A.2.3 GId
NaOH).

A.2.4 4 mol/1 NaOH, absorption liquid.

For the pre
containers
the dissoly
indication
diluted to 1
taken asb

A.3 Con

A3.1 Pr

For the combustion of the sample in a calorimetric bonib, any suitable test method such as ISO 1

ISO 1928, ¢
After the c

When Met
suitable sc

When Met
suitable sc

For Metho
the gas ca
atmospher
pressure iy

NOTE \

pressure.

ss bottles (standard glass sample bottles with plastic screw caps that are resistant to 4/

paration of a carbonate-free absorption liquid, preparation using freshly opened NaOH p¢
is sufficient. Dissolve the NaOH pellets in a small amount of water (the heat produced du
tion process will enhance the dissolution process). Small amounts of precipitation arg
bf the presence of NapCO3. By decanting the clear phase, the almost-carbonate-free solutic
he desired volume. As the dissolution of NaOH is an exothermic‘process, extra care shal
iling of the concentrated solution during dilution can occur.

ibustion of the sample in a calorimetric bomb

bcedure

r EN 15400 can be used.

bmplete combustion in the oxygen bemb, the combustion gases are collected in a gas bag]

ntillation liquid.

hod B or Method C is used) the CO; shall be collected in a 4 mol/l NaOH solution or ¢
ntillation solid absorber:

C, alternatively.ca-2 ml of the CO; gas can be taken from the bag using a glass syringe
be transferredite the AMS target preparations system. As the bomb volume is release
ic pressure, there will be a residual amount left over in the bomb that is directly related to
the bomb after the combustion.

Vith axesidual pressure of 2,5 MPa, 4 % of the combustion gas will be left after release to atmosph

ol/1

pllet
[ing

an
nis
| be

/16,

hod A is used, the CO3 shall be(collected in a cooled mixture of carbamate solution and a

na

and
i to
the

eric

To overcome this artefact:

a)

correc
b)
c)

tion factor;

use the vacuum pump to remove the residue;

flush the bomb with argon and collect the CO3 in the rinsing gases as well.

A.3.2 Adsorption of the gas sample

perform the calibration and the analysis taking account of this residual amount by using the pressure

The gas sample bagis connected to a small pump with a connection line into a 20 ml glass vial, filled with
a mixture of 10 ml of the carbamate sorption liquid and 10 ml of the scintillation medium, placed in an
ice bath, to remove the heat of the exothermic carbamate formation reaction. The pumping speed is low,

10
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typically 50 ml-min-1 to 60 ml-min-1. The transfer of the gas from the bag takes about 2 h to 3 h. After
the sample has been collected, it is ready to be counted on a liquid scintillation counter. Blank samples
should also be counted at the same time to allow that small day-to-day variations in the background can

be accounted for.

Measurements should be done as soon as possible after collection, at the latest within one

week after

sampling. There are strong indications that the NOy formed during the combustion reacts with the

absorption mixture resulting in yet unexplained errors after a few days of storage. If the one
cannot be realized, collection of the CO7 in a 4 mol/l NaOH solution is a good alternative.

week limit

A.4 Combustion of the sample in a tube furnace or a combustion apparat

The tube furnace or the combustion apparatus shall be able to combust the biobased\poly
conpplete conversion of the carbon present to CO3. For the determination of the 14C content by
the[CO2 shall be collected using a suitable impinger filled with a cooled mixtufe’of carbal
suitiable scintillation liquid, a scintillation medium already containing a CQp, absorber, of
NaQH solution (see A.3.2, second paragraph). For the determination of the 14C content by M
Method B, the CO; shall be collected using a suitable impinger filled with a'4 mol/l NaOH s
a rgsult of the absorption of the CO3, a large volume reduction of the gas-volume will be obs
trapping. Therefore, the gas pump is to be positioned in front of the impinger and the gas

sha|l be gas tight.

As an alternative, the CO2 can be trapped by means of a cryegenic trap. In that case, the cry
shall consist of a water trap (dry ice in ethanol or acetone). followed by a cryogenic trap. Cg
taken to avoid formation of liquid oxygen, which can befachieved by heating the trap slightlj
boiling point of oxygen, using liquid argon or performing the separation at diminished pres
altgrnative, when Method C is being used, CO2 can bé.collected by mixing homogenized biopo
cupfic oxide (CuO) in a sealed evacuated quartz:or Vycor glass tube. Water vapour (up to 3
added to the tube prior to introduction of the €03 to help remove sulfur compounds. The tuh
to 9400 °C for 3 h to 5 h. The CO3 is collected by breaking the tube using a tube-cracker conn
evafuated glass collection line.

A.5 Dissolution and LSC direct measurement on the polymer

Ins
iso
in general, be the case-if-no quenching is observed or if correction for quenching is perfor1
stafpidard addition techmique using the same, 14C labelled, biobased polymer with known 14(Q

ome cases, direct measurerent on the biopolymer with the LSC technique is possible. ’

Thd
pre

dissolutiondmethod might not be appropriate to some biopolymers, for instance wher
Sent.

Uus

mer with a
Method A,
mate and a
a 4 mol/l
ethod C or
olution. As
brved after
bump used

bgenic trap
re shall be
y above the
sure. As an
lymer with
Pa) can be
e is heated
bcted to an

his option

hly allowed if equivalence with the methods with conversion to CO2 can be demonstrated. This will,

med using
activity.

fillers are
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Annex B
(normative)

Method A — Determination by liquid scintillation-counter method
(LSC)

B.1 Genleral

This annex describes the method for the determination of the 14C content by LSC in carbonate'Solutjons
or carbamate solutions obtained from the combustion of biobased polymer samples in-a calorimdtric
bomb, a tube furnace, or a laboratory scale combustion device, as described in Annex-A.

B.2 Principle

LSC determines the isotope abundance of 14C indirectly through its emission of beta-particles duf to
the radioaftive decay of the 14C isotope. The beta-particles are obs€rved through their interacfion
with scintillation molecules. The CO; formed by the combustion of‘a biobased polymer is trappefl in
a carbamalte solution. This solution is mixed with the organic.solution containing the scintillafion
molecules and the 14C activity of this mixture is measured in a proportional (liquid) scintillation counter.

B.3 Reapgents and materials

B.3.1 Oxalic acid primary standard, e.g. SRM 4990c.

B.3.2 H(] solution, 5 mol/l.

B.3.3 Scintillation liquid.

B.3.4 Carbamate solution.

B.3.5 14( labelled spike&alutions for standard addition purposes.

B.3.6 Coal standard;e.g. BCR 181.

B.4 Apparatuas

The extremely Iow natural Ievels of radiocarbon-14 (T#C) in the earth’s atmosphere (about 10712 %
volume fraction) require extra precautions for accurate measurement of 14C. Care should be taken to
eliminate the influence of cosmic and environmental background radiation, other radioisotopes being
present, electronic noise and instability, and other factors. These background factors limit the accuracy,
precision, and range of the radiocarbon dating method as finite ages can only be calculated where sample
activity is at least 3 standard deviations above background activity. Any liquid scintillation counter
used shall meet these specifications.

12 © IS0 2015 - All rights reserved
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B.5 Procedure

B.5.

1 General

An absorption flask is loaded with a known volume of CO, absorbent, e.g. with a suitable CO, absorption
solution containing an amine, e.g. One mol/l 3-methoxypropylamine in ethanolamine, or Carbo-
Sorb E. The absorbing capacity of a suitable CO; absorption solution containing an amine, e.g. 1 mol/l
3-methoxypropyl in ethanolamine, or Carbo-Sorb E of about 4,8:10-3 mol/ml shall be taken into account;
no more than 80 % of this capacity shall be used.

flask shallbe cooled inice r]nrlnc the nhcnrnhnn process The c:\mn]p gas is nrnnn‘pd fro

The
duc
san
use
wit
the
med

Wh
con

Thd
to 2

Thd
reg
reg

Stai
for

B.5{

Med
scir
san
inc
Thd
pro

errgr is inversely proeportional to the square-root of the number of counts. The total error
bination of the'analytical errors and the errors of the standard and background determination.

conj

The
sen
of d

t or from a gas bag. In either case, the sample has to be dried and the COz concentratiofry
ple has to be known (either by a flue gas monitor or by ultimate analysis of the solidsamp
H to generate the CO). Ifacquired directly from a flue gas duct, the sample volume has to be
h a gas meter and corrected for the volume of CO, absorbed by the MOP (3-methoxypr
active component in Carbo-Sorb E). After absorption of the CO3, the absorbent’is transfe
isuring vial. An equal volume of the scintillation medium is added and the fiixture is hon

bn using an oxidizer, the combustion gas might be absorbed in a scintillation mediy
faining a CO2 absorber which can be measured in the LSC without further handling.

4 h.

strations (B counts of 14C decay) in radiometrictdetectors (LSC) is related to the
strations of the reference sample under the same.¢onditions.

1dard addition techniques shall be used to cheek for the occurrence of chemical or optical
bach sampling or sample type. For that purpése, 14C labelled components shall be used.

2 Blank correction

surement shall be performed fogether with a measurement of the “blank” sample,
tillation vial filled with counting liquid that is counted for the same period of time as
ple. The result obtained is.the'background level for the whole system (apparatus and real
pbm or dpm. After this, the‘actual sample is counted, which also gives a counting resultin c

statistical error of-counting background and standard is a result of the decay countin
Cess; hence the précision of the result depends on the number of counts observed, where {

detection/ limit of a counter is an important parameter, as it, for a great part, dete
Gitivityoof the total analytical procedure. The sensitivity is normally expressed as “
etection” (LLD). This is the smallest amount of radioactivity that statistically differ

a flue gas
fthe dried
le that was
b measured
ppylamine,
rred to the
nogenized.

m already

n the vial containing the mixture is placed in the LSC and measured. Typical counting times are 6 h

activity of a sample is compared with the activity-of a reference material. The nunber of 14C

number of

quenching

which is a
the actual
bent) given
bm or dpm.

b (Poisson)
he relative
is then the

‘mines the
ower limit
5 from the

©IS

02015 - All rights reserved

13


https://standardsiso.com/api/?name=d8fae3535cc8aaacb6677557fe7ec55d

ISO 16620-2:2015(E)

background. The LLD can be calculated by means of Formula (B.1) from the counting time of the sample
and the background counting rate, assuming the same counting times for background and sample:

E(Rn,LLD):(kla_klﬁ)'\/E(RO)'[tl"'ti] (B.1)

0 b

where

E(Rn,LLD) is the lower limit of detection (LLD);

ki-o k 5 constitutesthe coverage factor ('rypiml value: 1’64':);
E(Ro) is the counting rate of blank (0,316 7 cps);

to is the counting time of blank (16 000 s);

tp is the counting time of sample (16 000 s).

The numbér of disintegrations per second is given by Formula (B.2):

cps

dps =—— (B.2)
1
where
dps is the number of disintegrations per second, expressed in Bequerel (Bq);
cps is the counting rate of blank (0,316 7 cps);
n is the counting efficiency of the apparatus (0 < n < 1) (0,8).

B.6 Calqulation of the results

The backgfound count rate of the counter-s subtracted from the sample count rate to give the[net
count rate|The 14C activity (dpm) is obtairied by normalizing the net count rate to the count rate of{the
reference Jtandard (oxalic acid SRM@990c).
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C.1—General

Thif annex describes the procedure for the determination of the 14C content by BI inchasig
soly

C.Z Principle

The BI method determines the isotope abundance of 14C indirectly. This’method uses the ¢

bet
by

IS0 16620-2:2015(E)

Annex C
(normative)

Method B — 14C determination by beta-ionization

h-particles by 14C due to the radioactive decay of the 14C isotope, like LSC. It detects bet
eans of discharging current pulses between high-voltage electrodes in a proportional g

carbonate

tions obtained from the combustion of biobased polymer samples in a calorimétvic bgmb, a tube
furnace, or a laboratory scale combustion device, as described in Annex A.

bmission of
a-particles
as counter.

Thdse pulses are initiated by the beta-particles. The detection principle resembles the waly a Geiger-

Mugller (GM) counter works, the difference being details of the €lectron avalanche in the cou
thid method, the sample has to be in the form of CO; or ¢enverted to CO;. The carbonate, g

fro

HC]} The CO3 is purified to be suitable as a countingga5s in a gas proportional counter, e.g.
of electron-negative impurities, such as oxygen, SO2- or water vapour, through activated ch

rad

litre).

The sample is counted for several days.in a low-level counting system to reach the numbe

des

the combustion of a biobased polymer, is convertéd-to CO; by acidifying the NaOH so

bn. The purity of the gas is critical (e.g. Oz levels need to be kept well below a few mict

red for statistical precision.

hter. To use
s obtained
ution with
by removal
arcoal and
olitres per

I of counts

The CO3 is held under pressure in‘the central tube (typically at 0,2 MPa to 0,3 MPa) and a hfgh voltage

is imtroduced between the central wire and the counter wall. An ionizing event, such as a

pro

megsured as an electricalpulse. Any impurities in the gas will quench the multiplication o
leading to some decay€vents being undetected.

C.3] Reagents-and materials

C3

C3

C.3

C3

C3

C3

C3

©IS

duced by a 14C decay, ¢reates an ionization trail and an avalanche of electrons. This af

[3- particle
yalanche is
F electrons,

1 HCHsolution, 5 mol/L

[2-2’NaOH solution, 4 mol/l.

.3 Dryice.

4 Organic solvent, acetone or ethanol.

.5 Liquid nitrogen.
.6 Oxalic acid primary standard, e.g. SRM 4990c.

.7 Activated charcoal.
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C.3.8 Coal standard, e.g. BCR 181.

C.4 Apparatus

C.4.1 System for the conversion of carbonate trapped in a 4 mol/l1 NaOH solution to CO5.

C.4.2 CO3 purification system, e.g. using activated charcoal.

C4.3 Sys

tem to obtain a fixed amount of sample, e.g. by adjusting the CO; pressure in a fixed vol

1me

and known
C4.4 Sys

C.4.5 Loy

The instru
radiocarbo
Standard. 1
derived frag
and the de
filtering of
obtain exti
measurem

gas temperature.
tem to prepare standard and background samples.

v-level counting system using a gas proportional counter.

ments used for the Bl measurements are homemade high tech devices developed at sev
n institutes. No commercial systems are available at the time of writing this Internati
For radiocarbon to be detectable, minimize background counts. Gas.fin this case, purified
m the combustion gases) is loaded and counted in a copper counting tube (ultra-pure cop
ired low background is obtained applying heavy shielding with old lead and anticoincide
cosmic radiation. Usually, Bl devices are located below ground level in cellars in orde
a protection against cosmic radiation. Typical counting times are several days for low-1
ents.

bral
nal
CO>
ber)
nce
r to
pvel

C.5 Progedure

C.5.1 Trgnsfer the carbonate solution to extraction bottle.

C.5.2 Attpach the HCl solution dosing device:

C.5.3 Evgcuate the bottle and dosing:device (degassing, removal of dissolved N7 and O3 from air).
C.5.4 Add HCl solution to the garbonate solution.

C.5.5 Remove water vapoup using a trap filled with acetone and dry ice.

C.5.6 Collect the formed CO; in a stainless steel trap that is submersed in liquid nitrogen.

C.5.7 Purifythe COy, e.g. using activated carbon at 0° C.

C.5.8 Take a small sample for 13C determination at this stage (optional).

C.5.9 C(Calculate the CO3 volume by measuring the temperature and pressure and the known volume of
the trapping system.

C.5.10 Transfer the CO3 to the proportional counter (amounts up to 4 g of CO3).

C.5.11 Count for several days until precision, as desired, is obtained.

C.5.12 Cal

16

culate the modern carbon value using the sample count rate and the blank count rate.
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C.5.13 The statistical error of counting the sample, background, and standard is a result of the decay
counting, following the statistical Poisson distribution. Hence, the precision of the result depends on the
number of counts observed, where the relative error is inversely proportional to the square-root of the
number of counts.

C.5.14 The total error is then the combination of the analytical errors and the errors of the standard and
background determination. The latter errors usually are small compared to the sampling errors. With
counting times of a few days, a typical overall (absolute) precision of 0,3 % to 0,4 % can be obtained. The
estimated precision shall be reported in addition to the value declared.

C.5J15 When using activated charcoal for the purification of COy, the active carbon cartridge should
be preheated for approximately 1 h in order to remove traces of radon (build up of decay|product of
Urapium traces present in the activated charcoal). For other cleaning techniques, a waifing tinpe of 2 days
is stifficient to avoid any radon contribution.

C.d Calculation of the results

From the sample count rate, the count rate of the NaOH blank solution/s'subtracted resulting in the net
coupt rate. The 14C activity (pMC) is obtained by normalizing the net'count rate to the counfrate of the
refgrence standard (Oxalic acid SRM 4990c or materials that are traceable to this reference $tandard).

If cprrection for isotopic fractionation has to be performed;ythen the 13C/12C isotopic ratip has to be
detérmined as well. Isotopic fraction during the preparation of the sample can occur if only a part of
the|CO2 from the combusted sample is treated.

It should always be mentioned if the 13C/12C isotopic¥atio correction was applied to the reporfed results.

© IS0 2015 - All rights reserved 17
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Annex D
(normative)

Method C — 14C determination by accelerator mass spectrometry

D.1 Gen

ral

This annex
(AMS) in {
calorimetr

D.2 Prirn

The AMS njethod determines the presence of 14C directly. The atoms in the sample are converted

a beam of
detected in

AMS uses

specifically
species. Th
from grapk
before ana

With AMS,

content is not determined with this technique and shall be determined separately.

D.3 Rea
D.3.1 Ox
D.3.2
D.3.3
D.3.4 Hy

D.3.5 HC

Coal standard, e.g. BCR(T81.

Iron or cobalt catalyst.

Tor

describes the procedure for the determination of the 14C by accelerator mass spectrom
he carbonate solutions obtained from the combustion of biobased polymer samples

Iciple

ons. The formed ions are accelerated in an electric field, deflected in a magnetic field,
ion detectors resulting in the determination of the relative isotope abundances of these i

A high potential electrostatic field, which serves not only’'to accelerate them but als
r form only Cn+ions (n =1,,, 4) that are allowed into the §pectrometer, excluding all other i

lite (carbon) sample targets, all the carbon in the §amples has to be converted into grap
ysing.

the modern fraction in the carbon presentéin the sample is determined. The total car

pents and materials

hlic acid primary standard;e.g. SRM 4990c.

lrogen.

| selution, 5 mol/1.

c bomb, a tube furnace, or a laboratory scale combustion device as described in Annex Al

etry
na

nto
and
bns.

D to
hnic

is greatly enhances sensitivity without compromising selectivity. As the 14C is determined

hite

bon

D.3.6
D.3.7

D.3.8

D.4 App

Dry ice.
Organic solvent, acetone or ethanol.

Liquid nitrogen.

aratus

D.4.1 Sample preparation equipment.

D.4.2 Liquid nitrogen freezing station.

18
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